(jlalll jUI rj&j LJj^ta]> AjJA ^^ 
. LaAj£j| ^lujLujJ (jjjja^a ^^jfr Ajj^^JI '^t^l ^a &jLu&Ij LJli^llj ^TjIaaJ) i***.** *Lui1jJ diali jlj ;^ 
j-a ^Ijil! iailll aiuoj] tilljj itxSL LaLu&l IgjlL^aj i_SjjaJl £■ jLa-^ (jLjJJ -^J^-^ eLaJfr aLaJAl jl£ j£l |£- 
jjjja-a ^gic dbala ^^l AjJjj-^al! Cll^Uxu! j<u>> Jfisu ClllL^allj ?r jLi-ail AjujI jj clljl£ j£]j ( (j^ill 

• (JJJjuoLujI 
Aii& j ( (_sjaJl ^ liA j ) AjlL-*a p jjjj 4llaj Ajii£ (jLul UjA* djA-all AjuiI jj ; JjV! JJ^ all ■ 

. t*iii jjc j aJujjji 

.sjaI j-a Jjl (jl^j t LplL^aj i_sjjaJI ?r jLi-a ,_i uj^l Ijjjoiia t aLaJAl Lajl i . ul^Jl Ij^j ^g-aljall ( al^l j£1j 

• jA L_iJLaJI Ij^j 

(jj — ( (j^*ll ) -J ^aju^aJI ~^« «1\ j&j i Aa-\* a l_ijjjjj ali tlna. ; <&! A-AAj ^JjlAljAil Aa^I £)J JjKII _ I 
cjjaj ~-^» ail Ijj IjJj L_SjjaJI ?r jLi^a L-JJJjj I— Lui^ < _ 5 Ic ^1 Ljjjj-ia Lujjj — (Jjlajl ^\ A*\u>A fu^a 

(j;}a. ^3 l C_SjjaJI (J^jlj (J-ad (Jji^jl JJfr (JJ*II t_Sja. (jV ' Liajl (jJxll L_SjaJ ~-^» all ^AuiJ (jJxil 

.a^lx-ajl (jiaxjj ( Ij£&j - til — L_l — I ) ; jaj UjUill Lujjj tl IJJJ J3 <_£j^VI ^Ix-aJ! (_pa*J (jl 

/ Ij£&j j— j — & — J— ?r— t_j — M ; jaj AjjajVI t_ SjjaJI t-Jjua^ tlliij 

r jla all t—bua^J t_SjjaJI L_LiijJj 4 t_SjjaJI ^ jla .J I jSj a jj^J (jl UJ ■*•?•* A <^ tll^Lul ^jixS ' lilj 

_ Ajjjj.^1 <joiIj^11j aUuAVI ^ ^ "^ j uo £f^ ^Sj ' cl^^l •^ A ^ I ^ J J.'J ' " S- 1 

Igjjj Lu3 L-ljLaJill jjIj 
CllLuilj-ll! ^j! (^ Cllljj-iaVI ^lc ) _J L_ S^>*J La _jA jJ*11 !^A t i»J^a / -lj-1^. a1*J (jjjj-^alx-a]l (jjJ^.U31 i^l Jalj 

Ia^JI (6 jj-^ f-J^ / -1 : Ai2jj«^a]l ciiLail j^ll - ! 

jaC jUa^a ^a^I / _1 ; ^fl jiill Uj! jj f. jjJa ^_i ^jj-^all AJaLall L_l 

jLat^ aLaJ / J ; Ajt]\\ ^ Cia jjl tcAUa til 

jjulj jLa£ / J ; cliljj-^aVI ,aic- til 

jl jxjoijI 'j" - ^ a / _! ; Aiill aic- r- 

. J!>U jjj£j]I / J ; Ajj j*il A*lll CJl j^at £ 

. jauI jjJ^jil / J ; Ajjilll CJlj^VI- ^ 

. tllljj^aVl pJc aML^sI - J 

AjjjxjI Cllljj-iaVI f^c- /«i (JjojjJ - J 

?<_£ jiUl cjjxaII j^aUfr ^yA La ; ^ 

A-<UjaiflJj (_gjill! clljj-iall -LujIjjj Ij-alaa t Ajjiill Cllljj-iaVI AjujIjj] j > ■*•>! 1& (jjjj^^aJI cliljj-^aVI ^Lalc J-l^ ;r- 

; Aj^\j j > ^->1 V- tj^la. j-a 

^ r- jLkxJl ^ ; _j UjJC ^g-AuiJ (_^j]Ij t (jjlail! ^-^J^ I Jj*^^ j^aJ*ll 

. 4-aJC j-a 4_iijj^l jljjVI jl jJAl • (jJLul J-kAtfJl 

. "'j ■ ~w jaA\ aJIa. ; <ijJliUl ja^jxJI 

(jljj taic- IjjjjcI jMa < _ 5 -aljflll Lai ( (Jjj la all 4jjjj-tfa]l CliLuiljJjl f.Lalc JJC S jn» ^ll j > ^->1 V- 4j!)Ij]I sjA 

; LaA (jLaL-iaj jl j^>\ 
(—SjjaJl 4ijx-a] till J j ~) 4-aJC jx ^gifrVI ^llaJl c_aLai j-a Ajj3j jLuJll ^ - ail plijjl ; ^jljil J-^**^! 

. (^ 4ialaua]l j 4_A*iuba]| 

. ( ^-UiJVIj JLUaVI Ala j^ki lift j ) ^Vl ^l^Jl > Vi..M u 1 ^ 1 t> ^^ (jL^ill ; ^^aliJl j>ualtil 



A jl " ■ a <9^)x-a — AaL^ja^a (j>» 4_a>.j^)aL ; '"'J^ (j>» (_£_ailll '"'j- all 4jjjI jJ ^}j>^aljc. < _A 4 ■■<■*■*, il ^j^aLixil s^A j 

^^C ^IaIxJ! *IU' <al (_gi]lj t <_ Sj^)aJ! -IjjaJL (JjIxIaII jA 4jV i jj^aUxi! a&I ^j-a ujVI J- *aJxll ^)ii*Jj - 

( <— Sj^pJI ?T jLi-a ) -J AjJ-ajjjJ 

ajic ^1 ?rUaJ 4-1L1I! !i& 4jjjIjj ajc Uj! <Jj i ' . <■»■*.* .ijjaJil! iJc ,_i t_sj^ajl r- jLa-A <Luiljj j- ^^^ Vj - 

diljjjj.^all -Jc. — eLjjjflU .ale — f\ ■ be- VI <—fljUaj .ale ; J!la Jla^al! Ii& /_i l^JLaAl IgJ cS^ 3 *^ 

( 4_lJ^)xll Cllljj-iaVI LaJjuiV 4j_ailll Cllljj-iaV! ^juiIjJ .ale 4j^aL^j ) 

? ^jJtull /Jualj) JI4A /gj LJt^uaVI Ajja* *rP-£ £Jgj IlH 

^j-a (_£jlxll <_ik^ajl! g.1 ■ gacl ^Liaj ' . lllaJJ !i&j t (J '"'J^ (j-a Clllilll L. 1* >^>l (j-a 4_ij^)xll 4jlU! ^>fi*J ;?r 

LJj^aJI *■ jLa^a q\ •"■j^ i ^> t 4 ^J^ ' ^ **■ J j ' ^j L£9j^)aLj (j cJ^' (j^ ( O^'^r' Ls^l O^r' U^ ) -lujaJI 

Lfc^j ^LjafrVI ai& (jl V] t (3^*1! (j- '^ W^ ( rVjA^' — (jUiuil! — (jLoiil! — (JjlaJ! — L_SjaJl \ 4juUJ^)1I 

; (JiLa i_$jsj\ g.1 ■ aC-1 4_Jjlx-aJ V] Clljj-ial! ?rLij! /gi IgijUaj <ib! * J LaJ 1 aj V 
La^jli lil t 4jI1j 4£jaJ! g-JaJjuoJ V AJ^lj t (jjiLa£iV!j J^bajll (JjlS 4 Jalla-a .ajuia* ^jc SjLfr ^jAj I (jjlljlL S 
^j^.a'allj t <£a* (j-a _)^^jl ' . ^ ?• "^ J* tiljawajl li&j 4 ^jlLa£jVlj -i-i-ajil La^JL3^J til^a-a ^J] A^LaJ 

I^A /-i ^jIjj_j1I JAajjS 1 <ifljuilj i^'^W y^isA\ L_lLa-aJ! Ja_aiA j <c!>Lia! yjj La ^c-Luj yjJJ^)l! ~- ^j (_^ij! 

t yjjjjll ^jl^. tdli£j yjjjjll (Jikb e-ljg-ll la* >>i JjIsuj] ^ill j\ < aJVI (j-a Ig-jJj <i!j^J! ^3-lijj ' (j^ai^l! 

*ijjj3 ( <ilj^-ll (j^ajJa (Ja^-i (_gill (jJa^joi^VI (j-a 4^1^ yjJJ^)l! CjIjjxjjj ^-3 L5^' f 4 ^' c^J^y '"^ C5^J 

f.!j^Jl (jl*J ^l3 t yJJJ^)]l ^^JC JaxjJaJj (jjjJajS 1 ^jAk^aJ! (j^aikll p-!)Lia! L_ljlijJj ( 4jtj-iaj ^1 ' -jla a » 

Clljj-iajl Clll^a^! ^-i yJJJ^)l! jjJ _aA li^j ( Clljj-iajl f\ > afc) <jiiJ IjLa iiil! j! L_ajVI (j-a ?r^)a*j] 

L_ljiJVI jA <i^j-a]lj ~) £(_£j>J! aLa! jAk^all ^1 (jixll (j-a jlaJ ^-Ij^jl (jC SjUfr j 4aj|j^Jl Ajj^AJj- t 

6j!jluoVI <Lal£ jjc. 4_j3jjjJaC. Cjlaia. Jja^jl i (J&jjA\ Aija^a 4_jjlj^JI Ajj^akllj 1 ^ is^x-ajlj J- olail 

(_j-a Ajali^a < _A j ( LaSai a L-J_o-iJl UJ^- 1 g .J cs-^ »'-'-"*-j <— aJjU-iaiil oAA JaLaJj ( 1 ^ a '^ f.^^yA\ ^j^.jl 

yjc j3 ^gJ] (_JijujVI Lpja* ^j-a ^Lik^ail! p jfljjj ( Cllllla J£jjj ^^C ^^j ) SjaJaJl ^JajoiljJ C5 lcVI Uji^la 

A^ajuoJ (jliijl i-MK^^Ij clljj-tfaj! 6jjj-aJ '"''' ''^J '"'J^ i W^J^ ^°J S_ja-iaJI ^1 * y taSil s^A JJC yJJJj]! 

(JJJ lA^JaS ^"jljJJj ' Ajajl! (j-a ^^LaVI ^_>?^' C5^ O^^J (-5J- 1 *S^'j^' Ajj^akllj ( i—SjjaJ! (JJJ_ja k La^J 

. UjJ^ gHJ^' J' lH J -'-' ^ - ^ I ^ j^l c^ U_& ^ J ' f^ 1 1 yr^ J 3 * U-ljIaj 4^5:2 

L-fljjLkiaC. 4 uil uiaJl 4_na^!^l! Upl^a^lj iajiaJj t <* 1£ uo ^-i ClliiLaJlj 4_jjJul Igia ^jlxl! ^^aJ^J ' >J^& ^1 j^-il 



Laa 1 



( _ 5 ^ljj ^^1 A <Jajdl (^j ) (_>ak]! 4 <JaC ^a ^)aJ_ajl L_lLa-aJl !-1jjj t (_>a^jl W^ ^j;'^ -^ !^ (j-a Ia jjui£j 

si& *-a j 1> "»M /gjjl -^ ^gi _)^Laj! L_lLa-aJI Jjl^JJj t ( j-lk^aJ! (J . 1 *^ /gi 4JLoil! '^jj- taall p-!)LiaVI lA-lic 

yjjj 6^x-aJ!j ^.Ix-aVI Qli y^sA\ L_lLa-aJ! J- ^°Jj t 6jj-ialaJ! AJC ^jsil! Jj-a*]lj J- aJJ ( _ 5 Ja^ p-!)LiaVI 

t^La^l ^j <-_fllaJl qa Laal l^jaij ojaJaJL jlHaJ j I ill I jtaibl! jl^Liill LaAj ; AjJ^fill jtijVI- d 
4_iic. 3"^ UJJ^J' ^ dyj^_r' U^ P'^ ^JiJ ' ( f 1 ^' 4-a^lij ) 4-alxl! AaaujJ (_gill jjjill lilli -1JC yUfljljj 
Cllljj-iaVI ^ J^J^ Ailiawa p-Lkiajl JLaJ! ^jJCj ' <£^>aJl ^^C Sjjill La^l yLjJjj-ial! (jljJjllj ' ( J^a j-a \ 

^jJJJ^)ll iJa 9; jlaJl ^.Ij^lli i a\ia^SA\ 
t— lAa-j y! (jjJ UjJjJJ (j-a j-ad3 ; <3j^)Ia ^jiajlau V l_ ua^J Lalj laJia Aa^jjLa ^JJjj-^all jl^jVI ^J (jl La! -I 

. t£l£U j! AjLj L^j 



i AjAjJ Lg-J ''*'' ^J j! (jj-i LgJ '^^J j! j-a ^Ijg-ll j-^aJ 4j3 4jjtala ^JJjj-^al! jLljVI -laJ jl Lajj -^-1 

. L>^W cr*^ ^ *— "-^ 

^jaJLi ^^ojjjJ La u^x-q i AjAjJ l^-J Cj^aJj 4 lg-J tilla-lS ( fja. 4_uj3 lA.l=u j! La) j -dl 

j! Jj t Clijj^al! r-Lij! ^ f-^ J£ tliuLjl 4-jjj>^i\I jljjVI ^ Cli.laJ ^1 CjLJuJlil jj ; jJJjJl L*^ -6 

^jjj^l jlg_aJ| ^j t ( jJJjjl t~J&jt. ) \ g*^ A '"*< j^-aJ 6-lcLuba L$J2*.\ J-a! jC <^-jj ^"^^ Clijj-iajl TrLlj! 

;<_Sjiu! si& j-aj t Ajjjj-^al! Jl±a.VI 4j^ j-a 7£jLu! Clljj-tfal! ~j-^ ■ bj ( _ 5 Ic jaxj ' is-i-lxla jJJj c_ sjc. (_£jjuq1! 

.( CJljj-^aVI jj-lik^a Ifrjlc (JjHaJ u^ j)'* J? '^^ — <— aj^l t— ajjaj —.ail I t_sjjaj — (JjiaJ! l£J v tall t—ajjaJill 

( ^LuiJVI Clljj-iall ) _J ^j-AijjJ La £"Ui] jC <ljluba]l ^yfc CllUlVI oi& J£ 

? ^jaU) CJ^allj ^LuuVt CJ^all j.u (jjAJ) ta \qm 
• '"'j-N. j>» ^jilll Clljj-tfal! j£ ^LuijVI Clljj-tfal! ( * a "^J \K 
iil]j JJC. a! CllLaK jJj^J Aj 1 i j ■ >•»'<> a jl£l ^.Ijjuo t jLuiJVI *3 j-a g-<i>.nJ La J£ _a& J ^jjLutJVI CJ^^I - I 

tij^Vl CjI jj-a'V I jl jjq>^»ll j! »\ui->\l j! 4gqg'q\i jl jjj'VIS jl cj^jj p Jill jjc 4jjIj)M1! i"»Uu^K 

.l_Sjja. < _ 5 lc J-aluJJ Vj jLuaJVl >3 j-a ^"^P-J t _ s Iljl djIjj-^aVI j<a tali JJC. j CliLiljjiajl LgJ L_liaLa>J < _ 5 j1I 
(_5jilll djjj-^all 4_jlc (jjDal j§j t CliLaK j! (^JaJl <-_sja. (JJj^J 4_j i > tajj La j&j ; ^jiill (Jj^-ol! - U4 
Aajjjjo (_5jilll clljj-tfallj ( aA jialj^j a^-uijij ^gi UJ^J ^C (JjjLiII Aj J^*J i»!)l£ ^^ ^^1 4*11! ^1 AjjoiJ 

alxJI ^LaiJVI '"'J' -^" (j-a 4_k^aL^ 

i ^'j;^"^ cg^ tljI^^VI dyj^ ^^^ ^^J ilh 

aLaVI sj^J La lillj (j-«J ' ^-J. 1 ^ ^i cllljj-^aVI Cllj^A. SjAUaJ (jjJ la ftllj ^^1^1! f-Lalxl! i^l Jli] ;^- 

(jc i^J^aj Laj! clljj-tfallj ; J15 '"'j^ ^jiubaJI l_i\j£ ^-i ^ _A 548 ^ JUJ <^J^"' ) ^j)*-'-"-^ (JJ (^jic (_5ja-ij! 

4j (jjiaJla A ]& uoj *• ' _jA (J£juojj3 ( »-aLui]l r-Laj-^a ^-i j- ta^lall ?-lj^-ll ^gj] c5 J ^ t * a * , *. , J ^*3^ ff.l_o^Ji (j-a TTj-aJ 

I^ja.VIj. AjJUI! si* i»JJ IgJ <i!j^l! ^gJc (J^ajflj ^JlH ; LaAlo^.! ; (jiijij t*llij lilliA 4JijjLa]! Aljaall 4 u ^>» \l 

; ^j-adl! liA L-liui jj aJ ; JIS jl ^gJ] . ( ajUUl t*SljjVI I^A ^gluiJJ LjJ aLUJ! ^Jj^axJ! ^^c j aJj ^1 ,-A 

*• - 1 t ajj£ ~ . aa ftJ ( Ljj£ .-'"^ ' tc j3 jj^j -^- ^ 
/ ' <^jjj *-a 4ilj£ 4_i3 jj£jj ' . llaj f iuA j-a «■ ■ "-^ 1 Lxla jj^J ^S- Y 

*• ' L^j-ala AIa ?r jij ^jjt^i c^lLuix ^ A-ala-aJI JJJ^jl ^Ij^-iJ LjjjjoiJ jj^J J3- £ 
-A.I. j;Lal j-aiL (jjiajl AaJIA liliJij «Lj^a^]| dj|_jj-iaVL f.^— uj <lJul 4_k^aLk Lg-La 4_ljLaiJVIj 4_lj|j : laJI dll^jj-iaVI j!U^-3 ^2 



; ^ ljUu.1 Aj jjlj jggjajj ^ ^l^yflVl ^j^a jj 

L_jU]| (Jjia AJC k— lAa-J La£ ; ^^^Jlj P.J^l — I 

.O^jVL e (jflVl <ill£i^l Jla ; dl£jAVl -LJ 
ujLi^j^I dj^lclilJl djjA^. Juc j <3jj gJaS jl l_ ijj ^j! j\ <aA±. ^>jai£ j\ j^ a *Ja Jla ; g_^M ji gJSJl -LJ 

( L_ll ) Jla j£ljjaJl i—ij^aJl (-fl j^Jj ftjJalj jj^J lift j ; gjL^jII jj pjAJl -j 
. ( U ) Jla A£j2^LaJl i-ijj^Jl ^ tl l^aj liA j ; jlxllVJ jj gjjlj -LJ 



Aj^aJI IgJ t_ljjJaJ (JjjUaAj! '"'J 1 ^j La£ TY) 

jsiUi t> ^jiii ji j^ ji ^ ^ u£ (r) 

Aiji^^i (t) 

^Ull ^J cj^j U£ (o) 



? LJtj^ta!iS Ajj»ua]| (jS^\ ^Lauj Aj&jS ?Ugj ;<j^ 

Cllljijj j«lt^a-al! tillil (JjjIaaII $.!j£j! /-i ''*'' ^J I jl jl&l 6J^ "«* jl jl&l (j-° 4.».,<u.iij dljj-^a ^1 -lljJJ ;?r 

<^-l) i— iLpjill tills ciiik^aj I Jli t jig <ul iijutajl qa jIxjI <j!)Ij ^ <JjIa ciiL^j-a ^k jjoojj ( Vibrations ) 

; ^j CjMjII ji'VI CjUhr. tiljai 4 3Llall *Lic. t-jJuiS 4 jj'VI <LL (jaLaJ lP^ S ^ C5* l£^ *'j£^ 
CjIj.it.ui1I (J^J ' S- 1 ^^ j' j^*W ^J^Ll-a dpVI 4jt3j3 ^S (_gill (JjLjJI j%J3 4 t_)l£jllj 4 yl^iuJlj 4 4ijJa-all 

'"'j- aall p-Lajui tillij .aJJj t Tt-all ^1 CllLijill tillS (JjLmll ^k Sjj-ai-all **ju <a*ll 
a-ajuiS 4jjjuu1I (jiVl (j) ' " 'J**- ' ^Ijg-ll (^ ''*'' ^* < _ 5 j1I CllLpjill (J£ p-La-ui 4jjjuq1I (jiVl « J Lj i aJ Vj - 

cjLLill ) _j ^g^ ^illj t*llj jx JSI U t JLulSlI / <Ap 20.000 : 20 u£ Ujjjj ^L ^1 cjIj^VI 

L^cLajui 4jjjuiill (jiVl A J laJ ■ aJ !/li ( 4_£Sjj-ia (jjill 

?4jj*uu1| q'S$\ ^1 6j.1laa Qa dj^al) Jl£ul A£>j*jt L ^£- jjjj ^1 JaljaJl ^ La iqm 

; ^gJJ Lai Ixjj 4jjjuiill (jJVI ^5!) "J 1» * A (j-a djjj-iall JliSj! <C jjui t alHaJS ;*■ 

. ^IjgJl ^J 4jLil! tiUS LjiiaJ ^1 4^*11 Jjla -I 

S jig <ul SjLall JJjj -t_J 

4^.jJ (jj^S La^JC till i j 4 AjjIjII / jla 340 (jjl^H ^J&^ C5^ clijj^all jLlSjl <Lc.jjuia ; Jauijll ^nla -til 

^ La! i ^Jljj ^j^i^k ^j jrLl^J eljfrll ^ t^a.1 j iL* 2^ ^ CJj^l jl ^1 ; 4jji« A^jJ 20 *'j^' 

alui^Vl t—i^U^lj t Sillaj 4JSc jjjj (jl ^1 t AjjIj tlilS (jJ) ^"l^j jj^aJI ^j t S.i^.1 j AjjIj ^j ^Ua-ja f.Lall 

• 4_iSjj > ^al| ^jjliaJ! t Lu£ Aijiiajj yUajflj Cllljj^aVI ,aic- ^ji (jlij^>ia jl (jLa^la liHiA 

L3J^ l5^ ( l3j^' ) -i ^c- UJ^*^J ' ^2^1 ^^>?-^' _?*J • t aluoH a A<ur- 1 (_gill jAj ; aj^AJJ gcj * A ^I -1 

^jj-^all jlg_aJI fit ■ bfc I dllljAj 4j1 q > ^-> j t_S^)^ (J& (jj^S *jJaj>» ^-i ^lil! (J-aUllj t l^llaj 4j^aJSj t—Sj^aJI 

alxllj ^J^)il! (_gjli.a<ul (^jic ^-Ha AjIj 4j^aLk i a^-a ?rg'^ll !^A j t <x-a 

La <lla. ( Luj^j S j^^VI s^Aj t 4j^a-lai-all e j^-^VL AJlxluiVI ^^Ic -l^uau Tt^i-a _aAj ; duj^) gfc *^\ -2 

t_lljj^a jl LiaaJ ( a£^J (jl (jj-i -ia^a TLjJajJ Si j-all£ < _ 5 ^3 t {s*-PA ^ cs* *^ ' cS^ 1 ^^ t_ ^JJ^ L>^ L^-aLal ^iaJJ 

( Kymograph) ^Ij^-j^^l j' ^j^l cjLiijill ^Luij ; _j (^a^ jL^a. 4jj^J! S j^.VI s^ qaj i 

jjjj i 'iijU.ni qa (j_5^° _9^ J ' cs-^J^ -^ a ^ cs^ ( ~ij. ^>iu ^^a.jAll ?ta.jLl]l jl AjAjAj! (JjauuiS] jLg-a. j&j 






